Abstract. It is of great significance for the global food security to rely on the gene regulatory network to predict the performance of crops. A hybrid algorithm based on Cartesian genetic programming and linear decreasing inertia weight particle swarm optimization is proposed. Furthermore, in order to verify the effectiveness of the algorithm, the algorithm is applied to the problem of model reconstruction of Arabidopsis flowering regulatory system. Finally, the simulation results show that the algorithm can be based on crop genotypes and environmental conditions, the reconstruction can accurately predict the gene regulatory network model crop type. And the proposed algorithm can be suitable for gene regulatory network.
Introduction
It is an important trend in the field of bioinformatics to predict the phenotype of crops using gene regulatory networks [1] . In recent years, with the increasing demand of the world's population for food, it is more and more urgent to model the performance of crops. In the traditional method, the modeling of crops mainly depends on the understanding of biologists and the combination with practical experience. With the development of molecular biology has gradually become a hot topic in biological research, the current trend is at the gene level and the gene regulatory network, reveals the interaction between genes, so as to realize the accurate prediction of crop type.
The biological information contained in the genome of an organism is capable of controlling the growth of biomolecules and their response to environmental stimuli. In recent years, gene sequencing and gene chip technology have developed rapidly. As of September 2011, 3842 genome sequencing projects have been completed, and the other 7629 genome sequencing projects are still in progress [2] . How to mine the useful information in these biological data has become a hotspot in the field of bioinformatics is a big question. One of the most important issues is how to reconstruct the gene regulatory network from a large amount of observational data, such as the environment and biological phenotype. This kind of problem is called the mapping relationship between genotype and phenotype in biology [3] . The modeling of gene regulatory network is one of the important methods to solve the mapping relationship.
At present, there are a large number of research results on the modeling of gene regulatory networks. The proposed recognition algorithm of Boolean gene regulatory network based on network literature [4] ; the literature [5] on the reconstruction of the dynamic Bayesian network model SEM algorithm is improved by using linear differential equation; literature [6] expression data regression analysis of gene, gene regulatory network is proposed using a heuristic algorithm to build sparse, and artificial data based on the experiments verify the effectiveness of the algorithm. The reconstruction methods are mostly applied in small gene regulatory networks, and most of the actual situation in the gene regulatory network belongs to the high dimension, the above method due to the large amount of calculation and the failure to achieve good results. Different from the above work, this paper proposed a new hybrid algorithm CGP-WPSO, which Cartesian Genetic Programming (CGP) [7] structure for searching model of gene regulatory network, and then through the linear decreasing inertia weight particle swarm optimization (WPSO) [8] parameters of gene regulatory network are estimated. The PSO algorithm has fast convergence, and the idea of decreasing inertia weight in particle swarm makes the algorithm not fall into local optimum when the parameter estimation is too fast. Therefore, this new algorithm has faster convergence and global optimization characteristics of PSO and Genetic Programming, can quickly reconstruct the gene regulatory network.
Data and Problem Definition
Acquisition of Environmental and Phenotypic Data. This paper studies the environmental data from major research project of the National Science Foundation The Evolutionary Aspectsof Gene Network Pathway Signal Integration. Environmental data contains the optical cycle and temperature, which were obtained from Portugal's Coimbra and 8 locations in Finland, Jokioinen. The temperature is selected from 1971 to 1998, the local average daily temperature from March 1st to June 30th. The same period of time is obtained from the U.S. naval observatory.
Constructing an artificial gene regulatory network with parameters. The function of the Arabidopsis flowering control system was simulated [9] . The 2.2 section describes the functional characteristics of individual genes. Each gene has a two -type parameter, which represents different mutant alleles. G = 100 different genotypes were constructed by the combination of these different alleles [10] .
Problem Definition. The use of artificial data to reconstruct the gene regulatory network model, flowering date gene regulation model after the reconstruction of the forecast should as far as possible and therefore need to be close to the artificial data, the root mean square error minimization E artificial data and model data: 
CGP-WPSO Hybrid Algorithm
Descartes hybrid algorithm of genetic programming and linear decreasing inertia weight based on particle swarm optimization (CGP-WPSO) is divided into 3 steps (see Fig. 1 ). The first step is to identify the key genes, that is, from the 100 genes selected in a larger probability of gene regulatory network. These genes are selected as candidate genes, as the input of the second step CGP.
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Figure 1. Flow chart CGP-WPSO algorithm
CGP initializes the population with N solutions (gene regulatory network structure), and generates a new network structure population by mutation operation. For each network structure, the WPSO algorithm is used to optimize the parameters to minimize the root mean square error of the bloom date, as shown in Eq. (1). The second step CGP and the third step WPSO will be repeated until the algorithm converges.
Identification of Key Genes. As mentioned in the preceding paragraph, each genotype contains 100 genes, only some of which are part of the flowering regulatory network. The basic idea of gene identification is to exclude those genes that cannot change the flowering time. The specific process is as follows: the identification of genes for each gene loci, genotype according to the gene variant allele was divided into two groups.
Organization Structure of CGP Network. Improved Cartesian Genetic Programming (CGP), so that it can be more suitable for the network structure model. In CGP, each solution (network structure) is represented by a string with M fields. The main goal of mutation operation is to search the search space effectively. Each item in the network structure is adjusted according to the predefined probability (called mutation probability). In addition, mutation operation is also affected by following constraints: (1) as mentioned earlier, the network topology, most of gene regulatory network only with feedforward so we set mutation operation not allowed to produce feedback regulation with network structure. (2) for the same network structure, the gene index must be unique.
WPSO Algorithm. In order to optimize the parameters of CGP algorithm, the particle swarm optimization (WPSO) algorithm with linear decreasing inertia weight is used to optimize the parameters. The parameter C1 to c M is represented as a vector C in the parameter domain space. At the beginning of the WPSO algorithm, a particle swarm C (J) is randomly generated, j = 1,... P, where P is the number of particles. Each vector C (J) corresponds to the position of the jth particle.
So the function C, V and W can be obtained as below:
The position of the particle must be controlled in a predefined search space. When the particle exceeds the space, the particle will return to the space. In addition, its speed will be multiplied by (-1), which flew to the opposite direction. The fitness of each gene regulatory network model, which is composed of the network structure and the associated parameters, is defined as the root mean square error (E) (see Fig. 1 ). At the same time, in order to better simulate the real experiment, we add noise to the date of flowering (STD = 2 days).
Experiment
To test our algorithm, Artificial gene regulatory network structure for artificial flowering date was used. And the results was shown as below: Figure 2 . Artificial flowering date data vs reconstruction gene regulation network Fig. 2 shows that CCG-WPSO is efficient for the gene expression data.
Summary
The automatic generation of gene network structure from the experimental data is a very important research direction in the field of bioinformatics. In this paper, we propose an algorithm to derive the network structure and the related parameters directly from the experimental data. Descartes genetic programming and linear decreasing inertia weight particle swarm optimization algorithm. In this paper, we apply it to the problem of model reconstruction of Arabidopsis flowering regulatory system. Experimental results show the effectiveness of the proposed algorithm.
